Abstract. The non-line-of-sight (NLOS) propagation is a key problem of subscriber location in cellular networks. The angle of arrival (AOA) and time/angle of arrival (TOA/AOA) position location (PL) estimation methods are presented to mitigate the NLOS propagation in this paper. In order to reduce the feasible region of the mobile station (MS) and to improve the accuracy of the location estimation, the angle spread measured AOA is constrained by the geometrically based single bounce circular model (GBSBCM) and the measured TOA is constrained by the fact that the measured TOA is always greater than the true TOA value. Its effectiveness is verified by the computer simulation.
Introduction
Wireless position location has received considerable attention over the past few years due to the united states federal communications commission's(FCC) mandate requires that all wireless service providers, including cellular, personal communications services(PCS), and some special mobile radio(SMR) licensees, provide location information for Enhanced-911(E-911) safety services [1, 2] . Location service has been a basic requirement in mobile communication system. Because the NLOS propagation is the main cause of positioning error in cellular networks, mitigating the influence of the NLOS propagation and improving the location accuracy are researched [3] [4] [5] [6] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . These techniques are mainly based on TOA PL system. It is possible that using measured AOA parameters estimates position location of the MS in cellular networks used smart antennas in the base station (BS), and AOA PL method not need precise reference time relative to TOA PL method. Because the NLOS can introduce large errors in the AOA-based location estimates, it is necessary to study on AOA PL estimation algorithms of the MS for the NLOS propagation environment. AOA and TOA/AOA PL estimation methods are presented to mitigate the NLOS propagation in this paper.
Geometrically Based Single Bounce Statistical Channel Models
Geometrically based single bounce (GBSB) statistical channel Models are developed by defining a spatial scatterer density function [7] . These models are useful for both simulation and analysis purpose. There is the geometrically based single bounce circular model (GBSBCM) in these models. Besides cellular networks design and performance analysis, the model is useful for AOA PL estimation algorithms analysis of cellular networks used smart antennas in the BS. The geometry of the GBSBCM is shown in Figure 1 . The model is applicable to high tier, macro-cell scenarios where the BS is very high relative to scatterers, and is based on a circular distribution of scatterers near the MS. It assumes that the scatterers lie within radius Rm about the mobile. Often the requirement that Rm<D is imposed. The model is based on the assumption that in macro-cell environments where antenna heights are relatively high, there will be no signal scattering from locations near the BS. The maximum delayτmax and the maximum angle spreadθmax are as shown in the following formula. (2) where c is the speed of light.
Apparently, the parameterτmax is determined by scatterers radius Rm, and the parameter θ max is determined by scatterers radius Rm and T-R range. When positions of BS and MS are given, θ max is determined by scatterers radius Rm. Scatterers radius Rm can be obtained by measurement or COST-207 model [8] . The power delay characteristic of the COST-207 model for receiving broad band signal in the urban macro-cell environment is shown in Table 1 . The maximum delay is 5us and number of multipath signals is 6 in the table. 
PL Estimation Algorithms for NLOS Propagation in Cellular Networks

The Time-Based Location Algorithm
Signals received by the BS in the NLOS propagation environment consist of multipath components which have different TOA and AOA parameters. The TOA PL estimation algorithm is presented to mitigate the NLOS effect in literature [5] , in which the facts that the range error is always positive and TOA of the first multipath signal is always most close to that of LOS propagation are used. The algorithm estimates the location of the MS using all TOAs of the first multipath signal and improves the accuracy of the location estimation by the inequality restrictions to reduce the feasible region of the MS. Since AOA of the first multipath signal is not always most close to that of LOS propagation among all multipath signals in NLOS propagation environment, in order to improve the positioning accuracy, the AOA-based location algorithm is presented in this paper, using AOAs of all multipath signals to mitigate the NLOS effect by the inequality restrictions in (2) to reduce the feasible region of the MS. The feasible region (shaded region) of the MS is shown in Fig. 2 .
The AOA-based location algorithm assumes that the MS, located at (x, y), transmits its sequence. The N base stations receivers located at coordinates (x1, y1), (x2, y2), …, (xN, yN) receive the sequence. Let θij be the AOA of the jth multipath signal measured by the ith BS, and εij be its corresponding error. The relation betweenθij andεij is as follows.
Considering the fact that all angle spreads are less than the maximum angle spread, mathematically, there is the following inequality. 
The AOA-based PL estimation in the NLOS propagation environment is converted to nonlinear least squares (NL-LS) problems with nonlinear inequality constraints. Mathematically, there is the following function. (5) There are many approaches to forming numerical solutions for NL-LS problems with nonlinear inequality constraints. One simple, yet effective, method uses penalty functions to modify the objective function and form a solution using an unconstrained approach [9] . The penalty functions provide a large penalty to objective function when one or more of the constraints are violated. The objective function including the penalty function is as follows.
where , λ is positive for minimization. As any constraint is approached during the search, the penalty term forces toward infinity, thus forming a natural optimum within the feasible region. This approach requires that the initial guess be placed within the feasible region. The initial guess can be determined by the solution of (3) in this paper, and the solution of (3) can be obtained by iterative search in literature [10] .
The TOA/AOA PL Estimation Algorithm
Considering the facts that TOA of the first multipath signal is always most close to that of LOS propagation and AOA of the first multipath signal is not always most close to that of LOS propagation among all multipath signals in NLOS propagation environment, the TOA/AOA PL estimation algorithm presented in this paper estimates the location of the MS using TOAs of the first multipath signals measured by all BS and all AOAs measured by the host BS. The algorithm improves the accuracy of the location estimation by the inequality restrictions to reduce the feasible region of the MS. Constraint inequality of AOA parameter is formula (2) and constraint of TOA parameter is inequality which the range error is always positive.
The algorithm assumes that the MS, located at (x, y), transmits its sequence at timeτ0. The N base stations receivers located at coordinates (x1, y1), (x2, y2), …, (xN, yN) receive the sequence. Let τi be the TOA of the first multipath signal measured by the ith BS, andθj be the AOA of the jth multipath signal measured by host BS. Errors of measuring are as follows. 
Since the range error is always positive and TOA of the first multipath signal is always most close to that of LOS propagation, there is the following inequality.
The TOA/AOA PL estimation in the NLOS propagation environment is converted to nonlinear least squares (NL-LS) problems with nonlinear inequality constraints. Mathematically, there are the following functions. (11) Numerical solutions for above NL-LS problems with nonlinear inequality constraints can be obtained by using the same method as formula (5) . The initial guess can be determined by the solution of (7) and (8), and the solution of (7) and (8) can be obtained by iterative search in literature [10] .
Simulation
These algorithms effectiveness is verified by the computer simulation. We assume that radius of hexagonal macrocells is 5km and coordinates Simulation 1 verifies the performance of presented AOA-based PL method and analyzes the relation between average PL error and radius of scatterer region, number of the BS. Simulation results are obtained by 500 times Monte-Carlo experiments. The relation between average PL error and radius of scatterer region is shown in Fig. 3 . It shows that average PL error will reduce when the number of the BS increases or radius of scatterer region reduces. Performance comparison presented the AOA-based PL method with conventional NL-LS method is shown in Fig. 4 . It shows that presented method has less PL error than conventional method in the NLOS environment.
Simulation 2 verifies performance of presented AOA/TOA PL method and analyzes the relation between average PL error and radius of scatterer region, number of the BS. Simulation results are obtained by 500 times Monte-Carlo experiments and its results is shown in Fig. 5 . For presented AOA/TOA PL method, the same conclusion is formed as presented AOA-based PL method.
Conclusion
The AOA and TOA/AOA PL estimation methods are presented to mitigate the NLOS propagation in this paper. In order to reduce the feasible region of the MS and to improve the accuracy of the location estimation, the angle spread measured AOA is constrained by the BSBCM and the measured TOA is constrained by the fact that the measured TOA is always greater than the true TOA value. Its effectiveness is verified by the computer simulation. 
